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In the Claims 

This listing of claims will replace all prior versions and listings of claims in this 
application. 

1 (previously presented). An antibacterial composition, wherein the composition 

a) is prepared using a fermented dairy product, 

b) comprises carbohydrates, proteins, and fats, and 

c) has a pH of 4.6 or less, and 

wherein the energy ratio of carbohydrates, proteins, and fats is 50% to 70%, 4% to 25%, 
and 20% to 30%, respectively. 

2 (previously presented). The antibacterial composition of claim 1, wherein the fermented 
dairy product is fermented milk and/or natural cheese. 

3 (previ ously presented). The antibacterial composition of claim 1 , wherein the amount of 
lactic acid in 100 mL of the composition is 200 mg or more. 

4 (previously presented). The antibacterial composition of claim 1 , wherein the amount of 
lactic acid in 100 mL of the composition is 300 mg or more. 

5 (previously presented). The antibacterial composition of claim 1 , which comprises 
plant-derived fat. 

6 (currently amended). The antibacterial composition of claim 1, which comprises the 
constituent combination of any one selected from the group consisting of (a) to (c): 

(a) fermented dairy product 33.4 g, honey 8 g, dextrin 6.1 g, sucrose 1 g, indigestible 
dextrin 0.61 g, pectin 0.75 g, mixed oils and fats 2.6 g, and soybean lecithin 0.13 g, per 
composition 1 00 mL; 
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(b) fermented dairy product 22.7 g, whey protein hydro lysate 1.42 g, palatinose 5.6 g, 
dextrin 5.2 g, maltodextrin 1.9 g, indigestible dextrin 1.04 g, pectin 0.45 g, mixed oils and fats 3.0 
g, phospholipids 0.1 g, and soybean lecithin 0.16 g, per composition 100 mL; and 

(c) fermented dairy product 15.3 g, honey 7.5 g, dextrin 16 g, sucrose 1.5 g. indigestible 
dextrin 0.61 g, pectin 0.75 g, mixed oils and fats 2.6 g, and soybean lecithin 0.13 g, per 
composition 1 00 mL. 

7 (previously presented). A method for producing an antibacterial composition, wherein 
the method comprises mixing a fermented dairy product as an ingredient with carbohydrates, 
proteins, and fats, and then homogenizing and sterilizing the mixture. 

8 (previously presented). The method for producing the antibacterial composition of claim 
7, wherein the fermented dairy product is fermented milk and/or natural cheese. 

9 (previously presented). The method for producing the antibacterial composition of claim 
7, wherein proteins of the fermented dairy product account for 30 weight % or more of the proteins 
in the composition. 

10 (previously presented). The method for producing the antibacterial composition of 
claim 7, wherein proteins of the fermented dairy product account for 70 weight % or more of the 
proteins in the composition. 

1 1 (previously presented). The method for producing the antibacterial composition of 
claim 7, further comprising the step of mixing the fermented dairy product with an ingredient 
selected from the group consisting of vitamins, minerals and dietary fibers. 
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Remarks 

Claims 1-11 are pending in the subject application. By this Amendment, the applicants 
have amended claim 6. Support for the claim amendments can be found in the specification as 
originally filed. No new matter has been added by these amendments. Entry and consideration of 
the amendments presented herein is respectfully requested. Accordingly, claims 1-11 are currently 
before the Examiner. Favorable consideration of the pending claims is respectfully requested. 

The amendments set forth herein have been made in an effort to lend greater clarity to the 
claimed subject matter and to expedite prosecution. These amendments should not be taken to 
indicate the applicants' agreement with, or acquiescence to, the rejections of record. Favorable 
consideration of the claims now presented, in view of the remarks and amendments set forth 
herein, is earnestly solicited. 

Claim 6 has been rejected under 35 U.S.C. §112, second paragraph, as being indefinite. By 
this Amendment, claim 6 has been amended to clarify what ingredients and amounts fall within the 
scope of claim 6. In view of the amendments, the metes and bounds of claim 6 can be readily 
ascertained. Accordingly, the applicants respectfully request reconsideration and withdrawal of 
the rejection under 35 U.S.C. §112, second paragraph. 

Claims 1-11 have been rejected under 35 U.S.C. §103(a) as being unpatentable over 
Izvekova et al. The applicants respectfully traverse this ground for rejection. 

With regard to the antibacterial composition itself, the Izvekova et al. reference does not 
teach or suggest any composition that has the specific energy ratio of carbohydrates, proteins, and 
fats as required by the claims. Thus, a prima facie case of obviousness has not been established 
because the Izvekova et al. reference does not teach or suggest all claim limitations. See, e.g., In re 
Zurko, 258 F.3d 1379, 1385-86 (Fed. Cir. 2001). 

Furthermore, evidence that the claimed invention is unexpectedly superior in one of a 
spectrum of common properties over the prior art can be enough to rebut a prima facie case of 
obviousness. See In re Rouffet, 149 F.3d 1350, 1355 (Fed. Cir. 1988), In re Sebek, 465 F.2d 904, 
907 (C.C.P.A. 1972), In re Chupp, 816 F.2d 643, 646 (Fed. Cir. 1987). The fact that the elements 
work together in an unexpected and fruitful manner supports the conclusion that the applicants' 
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invention was not obvious to those skilled in the art. KSR Int 7 Co. v. Teleflex, Inc. , 1 27 S. Ct. 1 727, 
1741 (2007), U.S. v. Adams, 383 U.S. 39 (1966). 

The currently-claimed composition possesses unexpectedly superior growth suppressive 
effects against Gram-positive bacteria such as, for example, Staphylococcus aureus 1ID 1677 
(MRSA), when compared to the neutral liquid diet and acidic fermented dairy products comprised 
of carbohydrates, proteins and fats present within the ranges of concentrations described in 
Izvekova e/ al. (Declaration of Dr. Hisae Kume; see also Figures 1-6 of the original application). 

Specifically, as can be seen from the data presented in the attached Declaration, the acidic 
liquid diet of the current invention reduced the Staphylococcus aureus IID 1677 cell count after 
24-hour incubation from about 4.4xl0 7 cells/ml to "less than 10 cells/ml," which means in the art 
that cells were undetectable. 

In comparison, various acidic fermented dairy products, comprised of proteins, 
carbohydrates and fats present within the ranges of concentrations described in Izvekova el al, had 
little or almost no growth suppressive effects against Staphylococcus aureus IID 1677. For 
example, after 24-hour incubation with products other than the claimed composition, the 
Staphylococcus aureus IID 1 677 cell count remained as high as about 10 4 to 10 s cells/ml Since 
Staphylococcus aureus IID 1677 cells were undetectable after the incubation with the claimed 
composition, it is readily apparent that the claimed composition possesses unexpectedly superior 
effects. 

With regard to the method for producing the antibacterial composition, the I/.vekova et al. 
reference does not teach or suggest the step of sterilizing the mixture after the fermented dairy 
product is mixed with carbohydrates, proteins and fats. Rather, in Izvekova el al., the fermented 
dairy product is cooled before mixing with carbohydrates, proteins and fats (column 8, lines 
30-36). After the fermented dairy product is mixed with other ingredients, no sterilization at high 
heat is applied in Izvekova et al. 

In contrast, the currently-claimed method applies high heat at 100°C for 10 minutes, after 
the fermented dairy product is mixed with carbohydrates, proteins and fats ( specification at page 
9, lines 10-1 1). This high heat treatment kills fermenting microorganisms including lactobacilli in 
the composition (specification at page 9, lines 10-11). 
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It is a general understanding in the art that high heat significantly reduces the biological 
activity of the supernatant of lactobacillus as well as the activity of bacteriocin produced by 
lactobacillus. See Mezaini et al. (Table 3), Abdelbasset et al. (Table 3), and Joshi et al. (Table 1), 
showing that heat treatment drastically reduces the antibacterial activity of lactobacillus and 
bacteriocin produced by lactobacillus. 

A skilled artisan would not have modified the Izvekova et al. reference, i.e. by sterilizing 
the composition after the fermented dairy product is mixed with carbohydrates, proteins and fats, 
to arrive at the currently-claimed invention. The Izvekova et al. reference utilizes the antibacterial 
activity of fermented dairy products for treating or preventing pathogenic infection. Reducing the 
antibacterial activity of lactobacillus and bacteriocin by sterilization at high heat is unsatisfactory 
for this intended purpose. Thus, there is no suggestion or motivation to modify the Izvekova et al. 
reference in the manner necessary to arrive at the claimed invention, because such modification 
would render Izvekova et al unsatisfactory for its intended purpose. See In re Gordon, 733 F.2d 
900,902 (Fed. Cir. 1984). 

It is only the applicants who discovered that, contrary to the prevailing knowledge in the 
art, the composition maintains its antibacterial effect after sterilization. Furthermore, the 
composition shows antibacterial effect against both Gram positive and Gram negative bacteria. 
There is no teaching or suggestion in the prior art regarding the step of sterilizing the mixture after 
the fermented dairy product is mixed with carbohydrates, proteins and fats. 

An assertion of obviousness without the required suggestion or expectation of success in 
the prior art is tantamount to using the applicants' disclosure to reconstruct the prior art to arrive 
at the subject invention. Hindsight reconstruction of the prior art cannot support a § 1 03 rejection, 
as was specifically recognized by the CCPA in In re Sponnoble, 56CCPA 823, 160 U.S.P.Q. 237, 
243 (1969). 

In sum, the applicants respectfully submit that a prima facie case of obvious has not been 
established. Further, the unexpectedly superior anti-bacterial activity of the currently-claimed 
composition evidences that the applicants' invention is not obvious. Accordingly, the applicants 
respectfully request reconsideration and withdrawal of this rejection under 35 U.S.C. § 103(a). 
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In view of the foregoing remarks and the amendments to the claims, the applicants belies e 
that the currently pending claims are in condition for allowance, and such action is respectfully 



The Commissioner is hereby authorized to charge any fees under 37 CFR §§ 1 . 1 6 or 1 . 1 7 as 
required by this paper to Deposit Account No. 19-0065. 

The applicants invite the Examiner to call the undersigned if clarification is needed on any 
of this response, or if the Examiner believes a telephonic interview would expedite the prosecution 
of the subject application to completion. 



David R. Saliwanchik 
Patent Attorney 
Registration No. 31,794 
Phone No.: 352-375-8100 
Fax No.: 352-372-5800 
Address: P.O. Box 142950 



DRS/la/mz 
Attachments: 

Declaration of Dr. Kisae Kume under C.F.R. 1.132 



requested. 



Respectfully submitted, 




Gainesville, FL 32614-2950 



Copy of the Abdelkader Mezaini et al. reference 
Copy of the Mechai Abdelbasset et al. reference 
Copy of the Vmod Kumar Joshi et al. reference 
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Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

DECLARATION OF HISAE KUME UNDER 37 CFR 01.132 

Sir: 

I, Hisae Kume, hereby declare: 
THAT, I am a Research Scientist; 

THAT, my qualifications are set forth in more detail in Exhibit 1 (attached hereto); 
THAT, I am an inventor on the above-referenced application; 

THAT, I, have reviewed the specification, the pending claims, the reference cited, and the 
Office Action mailed September 3, 201 0; 

And being thus duly qualified, do further declare as follows: 
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Our invention provides a novel antibacterial composition. The antibacterial composition 
is prepared using a fermented dairy product, and has a pH of 4.6 or less. The composition 
comprises carbohydrates, proteins, and fats, wherein the energy ratio of carbohydrates, proteins, 
and fats is 50% to 70%, 4% to 25%, and 20% to 30%, respectively. 

In this Declaration, I report results of a comparative experiment, which compares the 
antibacterial activity of our composition (the acidic liquid diet of Table 1) to various control 
compositions of Table 2 (e.g., neutral liquid diet, liquid fermented milk preparation, jellylike 
total nourishing diet, Yogurt 1, Yogurt 2, solid fermented milk, and liquid fermented milk). 
These control compositions contain carbohydrates, proteins, and fats, which are present within 
the ranges of concentrations described in Izvekova et al. 

The results, as shown in Figure I, demonstrate that our composition possesses 
unexpectedly superior antibacterial effects, when compared to these control compositions. 

Materials and Methods 

Staphylococcus aureus IID 1677 (MRS A) were cultured in regular agar medium (Eiken 
Chemical). MRSA suspension was prepared by suspending bacterial cells in sterilized 
physiological saline solution. The number of bacterial cells per 1 mL of suspension was adj usted 
to approximately 4.4x1 0 7 . 

The antibacterial composition of our invention (the acidic liquid diet) was prepared by 
mixing the ingredients of Table 1 . The fermented dairy product - quark was prepared as follows. 
First, skimmed milk was inoculated with 1% of lactobacilli starter (a combined starter of 
Lactobacillus bulgaricus and Streptococcus thermophilus), and fermented at 35°C for 16 hours, 
thereby producing fermented curd. The curd was then placed in a quark separator, and quark 
containing approximately 13% proteins, 0.3% fats, and 5% carbohydrates was obtained. 
Approximately 19% total solids were obtained by separating whey protein from the quark. 
Mixed oils and fats of Table 1 comprise fatty acids such as palmitic acid, oleic acid, linoleic acid, 
linolcnic acid, eicosapentaenoic acid, and docosahexaenoic acid. The percentage of fatty acids 
with double bonds is 25% and the ratio of n-6/n-3 fatty acids is 7.4%. 

A neutral liquid diet and various acidic fermented dairy products {e.g., liquid fermented 
milk preparation, jellylike total nourishing diet, Yogurt 1, Yogurt 2, solid fermented milk, and 
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liquid fermented milk of Table 2) were used as control compositions. These control 
compositions comprise carbohydrates, proteins, and fats, which are present within the ranges of 
concentrations described in Izvekova et al. (see Izvekova et al. at column 5, lines 20-26). 
Among these acidic fermented dairy products, the liquid fermented milk preparation was 
prepared by adding sterile distilled water to quark, and the mixture was sterilized at 95°C for 5 
minutes. The liquid fermented milk preparation comprises quark at a concentration of 33 g/1 00 
mL, which is the same as the quark concentration of the acidic liquid diet (Table 1). 



Table 1 



Ingredients 


Blended Quantity (per 1 00 mL) 


Fermented dairy product 


33.4 g 


Honey 


8g 


Dextrin 


6.1 g , 


Sucrose 


U 


Indigestible dextrin 


0.61 g 


Pectin 


0.75 g 


Mixed oils and fats 


2.6 g 


Soybean lecithin 


0.13 g 



Table 2 





Manufacture 


kcal/lOOg 


Protein 


Fat 


Carbohydrate 


pH( measured 
value) 


Neutral liquid diet 


Meiji Dairies 
Corporation 


100 


4 


2.8 


15.5 


6.68 


Acidic liquid diet 


Meiji Dairies 
Corporation 


100 


4 


2.8 


15.6 


4.06 


Liquid fermented 
milk preparation 


Meiji Dairies 
Corporation 


46 


4 


0 


7.5 


4.06 


Jellylike total 
nourishing diet 


Meiji Dairies 
Corporation 


100 


4 


2.8 


14.4 


3.66 


Yogurt 1 


Bright Dairy & 
Food Co. 


85 


3 


3.2 


11 


4.53 


Yogurt 2 


China Mengniu 
Dairy Company 


85 


2.9 


3.1 


11.3 


4.17 


Solid fermented milk 


Meiji Dairies 
Corporation 


62 


3.4 


3 


5.3 


4.21 


Liquid fermented 
milk 


Meiji Dairies 
Corporation 


67 


3.1 


0.5 


12.6 


4.15 
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To examine the antibacterial effects of our composition (the acidic liquid diet), 1 mL of 
MRS A suspension was added to 100 mL of the acidic liquid diet and control compositions, 
respectively. The MRSA-containing compositions were cultured at 37°C. After 3, 6, and 24 
hours of culturing, the number of viable bacterial cells/ml was determined as follows. First, the 
MRSA-containing compositions were diluted with SCDLP medium (Nihon Pharmaceutical). 
The diluted compositions were cultured on an agar plate at 35 ± 1°C for 2 days using pour-plate 
techniques. Two days later, the number of developing colonies/ml was counted. Sterilized 
physiological saline solution was used as control. 

Results 

The results demonstrated that the composition of our invention (the acidic liquid diet) has 
unexpectedly superior growth suppressive effects against Gram-positive bacteria Staphylococcus 
aureus IID 1677 (MRS A), when compared to the neutral liquid diet and acidic fermented dairy 
products comprised of carbohydrates, proteins and fats present within the ranges of 
concentrations described in Izvekova et al. 

As shown in Figure 1, the acidic liquid diet of our invention reduced Staphylococcus 
aureus IID 1677 cell count from 4.4x1 0 7 cells/ml to "less than 10 cells/ml" which means in the 
art that cells were undetectable, after 24-hour incubation. (Note: only for the jellylike total 
nourishing diet (pH3.7), cfu/g (gram) was used instead of cfu/ml because the viscosity was very 
high.) 

In comparison, various acidic fermented dairy products had little or almost no growth 
suppressive effects against Staphylococcus aureus IID 1677. For example, after 24-hour 
incubation with the products other than our composition, Staphylococcus aureus IID 1677 cell 
count remained as high as about 10 4 to 10 8 cells/ml . Since Staphylococcus aureus IID 1 677 
cells were undetectable after the incubation with our composition, it is clearly demonstrated that 
our composition possesses unexpectedly superior effects. 
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Figure 1 

9 I 
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— B— Jellylike fermented milk 
preparation (pH3.7) 

—^yogurt 1 (pH4.5) 

—♦—yogurt 2 (pH4.2) 

— I — Solid fermented milk 
( P H4.2) 

-A- Liquid fermented milk 
(pH4.2) 
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I declare further that all statements made in this Declaration of my own knowledge are 
true and that all statements made on information and belief are believed to be true and further 
that these statements and the like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such willful false statements may 
jeopardize the validity of the specification or any patent issuing thereon. 





Hisae Kume 



Attachment: Exhibit 1 (Statement of Qualifications) 



Support of the Declaration of Hisae Kume, Ph.D. Under 37 C.F.R. § 1.132 



Resume of Hisae Kume, Ph.D. 

2-10, Shinsuna 1-chome, Koto-ku, 
Tokyo 1368908 JAPAN 

EDUCATION: 

March 2007: Ph. D. Doctor of Science, University of Shizuoka, Shizuoka, Japan 
March 1983: Master of Science, University of Shizuoka, Shizuoka Japan 
March 1981 : Bachelor of Science, University of Shizuoka, Shizuoka Japan 



JOB HISTORY: 

April 2003 to present: Meiji Dairies Co. Ltd. Tokyo Japan 
Scientist of Food Science Institute 
November 1997 to March 2003: Meiji Dairies Co. Ltd. Tokyo Japan 

Scientist of Nutrition Institute 
January 1992 to October 1 997: Meiji Dairies Co. Ltd. Tokyo Japan 

Research assistant of Health Science Institute 
January 1989 to September 1991: University of Colorado USA 

Research assistant of Dr. Sueoka's Lab. (MCDB) 

PUBLICATIONS: 

(1) The newly designed enteral formula, MEIN, suppresses the development of LPS-induced 
sepsis in mice, (in Japanese) 

KumeH, Okazaki K, Kawashima A, Kaneko T, Sasaki 1 1 and Yamaji T 
J. Metab.Clin.Nutr., 13(3): 217-226, 2010 

(2) Hepatoprotective effects of whey protein and whey peptides on hepatitis, (in Japanese) 
Yamaji T and Kume H 

Milk Science, 56(3): 115-118, 2008 

(3) Nutrition and physiological effects of peptides from whey. 
Sasaki 1 1 and Kume II 

Bulletin of the International Dairy Federation, 417: 43-50, 2007 

(4) Restraint stress alters the duodenal expression of genes important for lipid metabolism in 
rat. 

Sato T, Yamamoto H, Sawada N, Nashiki K, Tsuji M, Muto K, Kume H, Sasaki H, Arai H, 
Nikawa T, Taketani Y and Takeda E 
Toxicology, 227(3):248-61, 2006 



(5) Ethanolamine improves hypercholesterolemia in rats fed high-fat/high-cholesterol diets. 
Kume H, Tsukahara K, Okazaki K and Sasaki H 

Nutrition Res.. 26: 573-578, 2006 

(6) Serum ethanolamine and hepatocyte proliferation in perinatal and partially 
hepatectomized rats. 

Kume H, Sasaki H and Kano-Sueoka T. 
Life Sci., 79(18): 1764-1772, 2006 

(7) Hepatoprotective effects of whey protein on D-Galactosamine-induced hepatitis and liver 
fibrosis in rats. 

Kume H, Okazaki K and Sasaki H 

Biosci. Biotechnol. Biochem., 70 (5): 1281-1285, 2006 

(8) Ethanolamine modulates DNA synthesis through epidermal growth factor receptor in rat 
primary hcpatocytes. 

Kume H and Sasaki H 

In Vitro Cell. Dev. Biol.-Animal, 42: 20-26, 2006 

(9) Anti-inflammation effect of whey protein and their trypsin-hydrolyzed peptides on 
hepatic injury induced by Concanavalin A — DNA microarray analysis — (in Japanese) 
Kume H 

International Life Sciences Institute of Japan, 83: 9-17, 2005 

(1 0) Whey protein and whey peptides protect mice from Concanavalin A-induced hepatitis 
(in Japanese) 

Kume H, Okazaki K, Yamaguchi M, Tsukahara M and Sasaki H 
J. Metab. Clin. Nutr., 8(1): 15-21, 2005 

(11) Milk-derived phospholipids prevent the development of hypercholesterolemia and 
hepatic steatosis in rats fed high cholesterol/triglyceride diets, (in Japanese) 

Kume H, Tsukahara K, Okazaki K and Sasaki H 
J. Metab. Clin. Nutr., 7(3): 187-195, 2004 

(12) Antibacterial activity of acid enteral liquid diet against Escherichia cob, Pseudomonas 
aeruginosa, Streptococcus aureus and MRS A. (in Japanese)* 

Kume H and Sasaki H 

Japanese Society of Parenteral Enteral Nutrition, 19(3): 91-95, 2004 

(13) Milk-derived phospholipids prevent lipid metabolism, (in Japanese) 
Sasaki H and Kume H 

Milk Science, 51(3): 173-177, 2002 



(14) Stimulation of rat hepatocyte proliferation in vitro and in vivo by factors derived from 
the bovine small intestinal mucosa. 

Sasaki H, Nemoto A, Kume H, Narisawa S and Takahashi N. 
In Vitro Cell Dev Biol Anim., 34(1): 68-73, 1998 

(15) Ethanolamine modulates the rate of rat hepatocyte proliferation in vitro and 
in vivo. 

Sasaki H, Kume IL Nemoto A. Narisawa S and Takahashi N. 
Proc. Natl. Acad. Sci. USA, 94: 7320-7325, 1997 



The paper(12) are related to the patent. 
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Antibacterial Activity of Some Lactic Acid Bacteria Isolated from 
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In the present study, the antibacterial effect of 20 lactic acid bacteria isolate.-, from a traditional cheese was investigated. 6 
isolates htm (I 1 1 n it i I i wit ve bacteria Sheptococcus ihennophiim'Yl strain showed the wide inhibitory 
spectrum against the Gram positive bacteria. Growth and bacteriocin product i ed that tlu maximal leri in 

production, by S. ihermophilus'Yl cells, was measured by the end of the late-log phase (90 AU ml ' ) with a baetei iocine production 
rate of 9.3 (AU ml ')h" ! . In addition, our findings showed that the bacteriocin, produced by S. ihcrnwphilm T2, was stable over 
a wide pH nn i i icat tat uch bacteriocin may be useful in acidic as well as uonacidic food. This preliminarily 

vorksh i|i iii ip I itit i uitochthonoos lactic add bacteria to improve .safety of traditional fermented food. 

< )}> i i oil 1 d , 1 u »K i i il I hi-, i, an i cn access article t triiui i er he (irealive Conmions Attribution 
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly 
cited. 



1. Introduction 

Lactic Acid Bacteria (LAB) isolated from dairy products have 
received increased attention as a potential food preservative 
due to their antagonistic activity against many food born 
pathogen such as Listeria monocytogenes [lj. LAB are widely 
distributed in the nature, they are typically involved in a 
large number of the spontaneous food fermentation, and 
they have been extensively studied 21. Some members of 
LAB produce bacteriocins and bacteriocms like substances 
which may inhibit growth of spoilage and pathogenic 
microorganisms 3j. Bacteriocins from I AH are bioactive 
peptides or proteins with antimicrobial activity toward 
Gram positive bacteria, including closely related strains 
and/or spoilage and pathogenic bacteria [4]. Bacteriocins are 
ribosoiriniv synthesized and extrcicelUdarv leleased bioactive 
peptides or peptide complexes which have bactericidal or 
bacteriostatic effect [5]. Use of either the bacteriocins or 
the bacteriocin-producing LAB like starter cultures for food 
t has received a sj t ttention [6j. Moreover, 

' ri tis aic in iocuou; due to proteolytic degradation 



it gast ii tit ti i 7, Sj. S. If i ' 

acid bacterium of major importance in food industry like 
the manufacture of yoghottrl [9], Some of S. thermophilus 
strains produce a bacteriocin named thermophilin which 
is active against several LAB and food spoilage bacteria 
such as Clostridium sporogenes. In view of its technological 
and biochemical properties the above bacteriocin can be 
considered as a potential bioprerservative [10]. Some of other 
LAB like Enterococcus, Laclococcus, and Pediococcus are also 
widely used as natural preservatives, due to the potential 
production of metabolites with antimicrobial activity such 
as organic acids, hydrogen peroxide, antimicrobial enzymes 
and bacteriocins [11]. 

The aim of the present study is to assess antimicrobial 
activity of some lactic acid bacteria strains isolated from 
traditional tormented dairy products prepared from raw 
milk, Raib, which is obtained after spontaneous curdling of 
raw milk within 24 to 36 hours at ambient temperature. 
In addition, pielmn in igations n u 
produced b i . , attain isolated in this work will 

be presented. 
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•ials and Methods 

2.1. Isolation of Lactic Acid Bacteria. The bacterial strains 
used in this. »t 11 1 it rmented traditional 

1,1 1 I 1 l I \ 1 , 1 L 1 ^ ^i^l- S 

were collecte o - ih region nc i k t?med with 
collaborate i o Bion^ > i - >c oiatory. LAB 
were isolated from Raib, by homogenizing i samples of 
cheese in 90 mL saline solution and then plating suitable 
serial dilutioi onto dif ! n i Bill IRS, an 1 
17 (Biokar Diagnostics, Beauvais, France). The plates were 
incubated aerobically at 30° C for 48 hours, and then several 
colonies were picked at random for identification. Cell 
/morphology and Gram-staining reaction were examined by 
light microscopy, and the catalase activity was carried out. 
Phenotypic identification was based upon physiological and 
i mi 1 t i n piohlc in 

the API-20 Strep CH and API-50 CH fermentation, was 
carried out according to the manufacturer's instructions 
(bioMe'rieux, Marcy PHtoile, France). 

2.2. Detection of Antibacterial Activity. For detection of 
antagonistic activity, an agar spot test was used. The agar 
spot test was a modification of that described by Tome et 
al. [12]. Overnight cultures, on MRS medium, of the strains 
to be tested for production of antimicrobial compound 
were centrifuged (10 minutes at 15000 g, 4°C). Cell-free 
supernatants were filtered across cellulose acetate filter 
(0.2 win) to remove residual cells. 

An overnight culture (37' C) of the target strain was 
diluted in sterile Mueller-Ilinton Medium, and 2 mL of 
cfl-10 6 CFUmL 1 were spread on solid Mueller-Hinton 
medium. After 5 minutes of contact, the excess was removed 
and the Petri dishes were dried for 10 minutes. Samples 
(10f<L) of filtered cell-free supernatants were spotted on the 
agar plate. The target strains used in this study are Bacillus 
cereus CIP 66 icillu htili Art < 6633, Escherichia coli 
C1P 35218, Enterococcus faecalis CIP 29212, Listeria imwcua 
ATCC 51742, Salmonella typhitnttrium CIP 5858, Staphylo- 
coccus aureus CIP 29213, and Staphylococcus epidermitidis 
ATCC 14990. 



2.3. Sensitivity of Bacteriocin to Enzymes, pll and Heat 
heatuwit ll bun h m I to . *r> >, i ,u u iguit 
was studied on both chloroform extract and cell-free super- 
natant; all the samples were incubated for I hour at 37 C 
bt lot t k i il li i t I > si n I n* 

was adjusted to 6 5 . ,fl \a( >[ l - i < t .n t, ih d with 
catalase (Sigma; SOOIUmL ). 1 he ceil-free supernatant 
was also submitted to heat treatment ( 60-95 °C) and to 
several pll (4-8). The chloroform extract was treated with 
a-amylase (Sigma; lmgmL" 1 100 mM phosphate buffer, 
pll 6.9), «-chymotrypsin (Sigma, 1 mg ml" 1 , 0.05 M Iris— 
ITC1 buffer (pll 8.0)-0.01M CaCl 2 ), Pronase E (Sigma; 
I mgmL 1 in 100 mM Tris-HC! buffer, P I13!, Proteinase K 
(Sigma; 1 mg mi in 100 mM Tris-HCl buffer, pH 7.5), 
and Trypsin (Sigma, lmgmL" 1 50 mM Tris-HCl buffer 
pH 8.0). Prior to being assayed for bacteriocin activity, 



preparations containing pronase E were adjusted to pH 
6.0. Neutralized cell-free supernatant neutralized cell-free 
supernatant treated with catalase, heat-treated supernatant, 
and chloroform extract were spotted against L. innocua. The 
enzymes were heat inactivated for 3 minutes at 100"C. For 
each test, untreated bactt t iocin plus mffer, bactei iocin plus 
buffer treated 5 minutes at 1.00 C. buffer alone and enzymes 
solutions st 1 * 13, 14]. 

2.4. j m- o, Kinetic and Bacteriocin Production. Growth 
experiments were performed in ErlenMeyer flask of 500 mL 
containing 250 ml. of MRS broth (pH 6.5) at 37''C without 
shaking. An overnight pre -culture of 5. ihertnophilus was 
used for the inoculation of the MRS broth at initial cell den- 
sity of ca- 10' CPU mL-'.At different time intervals, samples 
were removed from the culture and used for optical density 
measurement (660 nm), viable and cultivable count (CFU 
mL"' 1 ), extracellular pH measurements, and bacteriocin 
production. The antibacterial concentration of each sample 
was conducted with the critical method of dilutions [ 1 5]. The 
bacteriocin concentration Arbitrary Unit mL'" 1 (AUmL" 1 ) 
was calculated as the inverse of the strongest dilution which 
induces the inhibition of L. innoeua. All experiments were 
repeated at least three times, The experiments were repeated 
three times, and results are expressed as mean ± standard 
error to the mean. 

2.5. Bacteriocin Extraction. The extraction was realized from 
cell-free culture supernatant of S. ihertnophilus obtained after 
centrifugation of overnight culture (20 minutes at 15000 g at 
4"C). The extraction was performed according to Burianek 
and Yousef [16]. The culture supernatant (100 mL) was 
stirred vigorously for 20 minutes with chloroform (v/v) and 
transfer in separation funnel, lire interface layer between the 
aqueous and organic phases, which contain bacteriocin, was 
harvested, and the residual chloroform was eliminated by 
speed vacuum (50 hours, Unique, Marlinsried, Germany), 
ill ib r i i u red in the illicit ice la i 

2.6. Plasmid Extraction. The plasmid extraction was per- 
formed from a cell pellet of an overnight culture of 5. 

ht >io; hiln < " i . vlinipr. p s pi i 1 H to ethei 

with the i ponding uff< pure! ised mm Ql \GI M 
(Hilden, Germany). S. thermophilus plasmidic ON A analysis 
was perfoliate b\ >pborc is ,1 hour, 100 V) using a 

0.7% agarose gel dissolved in Tris 45 mM; Borate 45 mM; 
EDTA ImM; pll 8, The electrophoresis gels were analyzed 
unde i a o lar Imager Gel Doc System I Bi< R id 
Hercules, USA). 

2.7. HPLC Purification of Supernatant Chloroform Extract. 
The conditions for bacteriocin isolation were realized, 
through analytical RP-IIPLC, on the chloroform extract. The 
liquid chromatographic system consisted of a Waters 600 E 
automated gradient controller pump module, a Waters Wisp 
717 automatic sampling device, and a Waters 996 photodiode 
array detector. Spectral and chromatographic data war,.: 
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Table 1: Lactic acid bacteria 


isolated from traditional dairy product 


(Raib). 






Strain "~ 


_ 

Source 


Growth medium 


Luciococcus Aofo S I 


Raib 


MRS 


j i ' i * I ' , I " j , ' I- ^ 1 


Raib 


MRS 


Lactococcus Itictis S3 


Raib 


MRS 


' u , i , k , , , ' < i ^ i 


Raib 


MRS 


/ asTerecr;e~ /fov/s S" 


Raib 


MRS 


1 , , i, - , i /( ' ' L <: i 


Raib 


MRS 


Lactococcus lactic S7 


Raib 


MRS 




Raib 


MRS 


['.I'll ! ' o 


Riii!) 


MRS 


Lactococcus lactis S10 


Raib 


MRS 


LaClOCOlCUS hh.:i:< HI i 


Raib 


MRS 


Loctococcio- hides SI ' 


Raib 


MRS 


Lactococcus tactis S ! 3 






A thermophilus Tl 


Raib 


MRS 


S. thermophilus T2 


Raib 


MRS 


5'. cremorw Rl 


Raib 


MRS 


S. crewioris R2 


Raib 


MRS 


5. cremoris R3 


Raib 


MRS 


Lactococcus diacetylactis VI 


Raib 


MRS 


lulliUl IO fo I 'l ' 


Raib 


MRS 



stored on a NEC image 466 computer. Millennium software 
was used to plot, acquire, and analyze chromatographic data. 

All of the chromatographic processes were performed 
on an Uptisphere C 1S column (150mmX4.6mm, 
UP50DB615QS, Interchim, Montlucon, France). The 
mobile phase was watcr/trifluoroacetic acid (1000 : 1, v/v) 
as eluent A and acctonitrile/trirluoroacetic acid (1000 : 1, 
v/v) as eluent B. The flow rate was lmL/min '. Samples 
were filtered through 0.22 /mi filters and then injected. 
The gradient applied was 0-50% (v/v) K over 100 minutes 
then 50%-100% (v/v) B over 5 minutes and 15 minutes at 
100% (v/v) B. Online UV absorbance scans were performed 
between 200 and 300 rim al a rate of one spectrum per 
second with a resolution of 1.2 nm. Chromatographic 
u, ah i 1 4 t ! i i 



3. Results 

3.1. Antimkrolml Activity. Twenty LAB strains, isolated 
from Algerian dairy milk (Table 1), were screened for their 
antagonistic activity against Listeria imioaia, Rnterococ- 
eus (uccalis. Bacillus ceereus, Bacillus siilnilis, Staphylococcus 
aureus, 

Salmonella iyflmnurium. The results of Table 2 show that 
six isolates were active against one or more tested strains. 
However, 5. thermophilus Y2 strain showed a wide inhibitory 
spectrum against all the Gram positive target bacteria used 
in this study except against Staphylococcus aureus (Table 2). 
In addition, S. thermophilus T2 did not show any inhibitory 



activity against Gram negative bacteria used in this study: 
Escherichia colhndSalnwnella typhimurium. 

3.2. Nature of the Inhibitory Agent. Our results showed that 
the Iree-ccll supernatant remained active, against sensitive 
target strains, even when the pH was adjusted to pH 7. 
' i ti 1 i 1 i 
extract were exposed to the proteolytic enzymes (Table 3) 
no inhibitory activity was observed against Listeria < iiu 
by contrast to the control tests which showed an inhibitory 
activity against (lie target strain (Table 3g In addition, when 
the cell-free supernatant and the chloroform extract were 
exposed to the action of a amylase and calaiase similar 
inhibitory activity was measured when compared with the 
control test against L. innocua. These results suggest that 
the biochemical nature of the molecule produced by S. 
thermophilus is peptidic. Moreover, the antimicrobial activity- 
appeared to be heat resistant. Thus, the inhibitory activity 
of the chloroform extract was still measured after a heat 
treatment of 30 minutes at 90° C. Our results showed also 

that in a range of pH 4 8 similar antibacterial activities of 

the chloroform extract were ob' i 1 1 igainst i 

3.3. Extraction of the. Bacleriocin Produced by P. thermophilic. 
The extraction of the bacteriocin produced by 5. ther- 
mophilus T2 strain from culture supernatant was realized 
with chloroform, a water immiscible solvent. The method 
used concentrates the bacteriocin at the interface between 
chloroform and the aqueous culture of the producing 
bacterium. We demonstrated that no bacteriocin activity was 
detected in the solvent phase (data not shown). In addition, 
the precipitate at the interface between the chloroform and 
culture supernatant fluid contained most of the bacteriocin 
activity in the mixture. The precipitate at the interface was 
harvested, and the residua! chloroform was eliminated by 
speed vacuum. After i IP LC revcrsed-phase chromatography, 
bacteriocin activity was associated with two peaks during at 
17 minutes and 1 10 minutes (Figure 3). These results showed 

I hat I n t fr v A i I 1 

be associated with two molecules which present different 
hydrophobicity. 

3.4. Gionlli i I i i Growth 
and bacteriocin production of S. thermophilus was studied 
in MRS broth at 37°C at pH 6.5. Under these con- 
ditions bacteriocin activity was detected at 4 hours of 
incubation at the beginning of the exponential phase, al 
a cell concentration of ai-10 4 CFU ml" 1 (12A.UmL ')• 
The results of Figure 1 showed that bacteriocin production 
increases with the increase of eel! concentration to reach 
a maximum of 90 AU tnL ; with a bacteriocin production 
rate of 9,3 (AU mlAA h"'. This concentration was reached 
between 12 and 14 hours of incubation at 37°C. During 
the stationary phase both bacteriocin concentration and 
the cell concentration remained at a steady state (Figure 1). 
Antibacterial activity decreased after 24 hours of incubation 
after having reached maximum levels after 14 hours of 
incubation (data not shown). 



iii 1 ml >f Envi i i I tb c ) h i 



Table 2: Antibacterial spectrum of the cell-free supernatant of the six lactic acid bacteria isolated from the traditional dairy product Raib). 
Strain Strains inhibited 



is facto SI 
i a i Uni 2 
Laclococcus I act is 67 
UicUicocchs luctis S9 
5'. thennophiius 1 2 



Hi 



/. i > diacet) lactisVl 



1 1 term m taecalis 

listeria innocua, Bnieeocuccii* laccalis Bacillus cert 
Listeria innocua. Bacillus wrens 
s, Bacillus subiilis. i innocua, f ft o faecaiis, and 

Enterocot <- ' ^ i, udhis ccreiis 
Enterococcusfaecahs 



Table 3: Effect o 


" different treatments on 


cell-free supernatant 


and chloroform extract of s. ilw'.iophiius 


. Relative activity was 


measured by an ag 


i d I'u a i < i i 




1,1 ii in > i 1 1 ■ 'it i! 1 il i , ,, 


ate inhibition; (+++): 


strong inhibition. 






Treatments Relative activity 




Proteinase K 






Pronase E 






a-chymotrypsin 






Trypsin 






«-amylase 




++ 


Catalase 




++ 


Control. 




+ + r 


pH treatments 


4 






5 






6 






7 






8 






Control 






I ieat treatments 


60° C 






70" C 






80° C 




++ 


90 "C 




++ 


95 "C 






Control 







d.5. Plasmid Content- The genes encoding for ba 
are either chromosomic or" plasmidic 1)8, 19(. I'he aim 
for this i t mi i is' i ^ to i^e-s the p ,"-ct 

of plasmid in S. thennophiius cells. The analysis of the 
plasmidic DNA cx I rjcl ion showed that S. ihcmwphilus seems 
to have a single plasmid as shown in Figure 2. In addition, 
Oral fragmentation pattern of the plasmid resulted in three 
restriction fragments with approximately 2.2 kb, 1.5 kb, and 
0.5 kb. Thus the size of the plasmid could be of at least 4.2 kb. 
'1 'his preliminary result is of itnporla nee since in .many lactic 
acid bacteria bactcriocins and carbohydrate fermentation 
exopoiysaccharicie production and antiphage mechanisms 
are carried by the same plasmid as reported previously by 
Martinez-Bueno et al. [20] and Turgeon and Moineau [2]]. 




i production by S. 
thennophiius. The growth was performed at an initial pH of 6.5, 
at 37* C without shaking. (♦) gro <h dnetic. i bacteriocin 
production II mien! ted thicc imcs and results 

represent the mean ± standard error to the mean. 




Ira II am in r I i 1 in n S i», 

in , i , ik i ' i I ii 1 s \H)hi v 

Ruler control (B.I: Avalll (C); BamlU ; (D) Bey'll ; (K) KstH.II; (If) 
tceRl; (Gi Oral, Hi) F.coRV; ill HincDI; (1) JV.fcl; (K.I Affd; (L) 
ftrl; (M) Pvutt; (N) Sad; (O) Sod; (Pi SpM; (Q) Xho\; (R) Anfll; 
{$)Ahalll; (T) Ncol. 



1. Discussion 

Bacteriocins from lactic acid bacteria are of importance 
in bioconservation of various foods. Moreover, the use 
of more than one LAB bacteriocin as a combination of 
biopreservative may have major applications in improving 
food safety [1]. in the present study, the inhibitory effect of 
the cell-free filtrates of each of the 20 isolates was evaluated. 
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Funum 3: I'luiiYoi pattern of chloroform extract from 5. dvor- 
ii oonilu mi! 1 i nance liquid 

chromatography. 



Antimicrobial activity was observed for 6 isolates, and only 
against: Gram positive bacteria. The biochemical nature 
of (he antibacterial molecule produced by 5. iheruwphihi? 
1 1 \ tu h I n b tl i o ip in 1 u i t tit 

chloroform extract. Our results showed that the molecule, 
jh / t t ill 

terial activity of the molecule was lost after digestion with 
juokolvtic ni, ,n Hi i I nt i' i i/ 'tarn I pH 7) and 
addition ofcaialu.se or a: amylase to the ceil free supernatant 
did not result in the loss of the antilisterial activity. Our 
results showed also that the bacteriocin produced by S. 
thermophilus is heat stable (up to 30 minutes at 95°C); these 
results are similar to what has been reported for thoenicin 
[22]. In addition, the bacteriocin was stable over a wide pH 
range, this indicates that stieh bacteriocin may be useful in 
acidic as well as nonacidic food; similar pH stability results 
have been reported for propionicin PLG1 [14]. Growth and 
bacteriocin production profiles showed that the maximal 
bacteriocin production was measured by the end of the late- 
log phase. The level of production remained at a steady state 
during the stationary phase; similar results were obtained 
by Ivanova et al. [23]. However, bacteriocin production 
decreases after 2-1 hours of incubation alter having reached 
maximum levels after 14 hours. This reduction could be 
a result of the inaclivation of bacteriocin by extracellular 
proteases. 

Preliminary ch aracterization of the bacteriocin produced 
by S. thermophilus T2 was realized in the present study. 
It was found that the bacteriocin inhibits closely related 
Gram positive 4t n is 1 r , , ><* a md hit rocoa ts 

facialis. Activity against Gram negative was rarely reported 
for bacteriocin [24, 25]. Active'' substance from culture 
supernatant of S. thermophilus T2 was obtained according to 
the procedure described by Burianek and Yousef [ 16]. Chlo- 
roform was added to the cell -free supernatant: in a separator 
funnel, the bacteriocin 'was concentrated at the interlace 
between chloroform and the aqueous phase. This method 
effectively recovers higher bacteriocin yield and results in 
relatively clean preparations. Recovery of bacteriocin by the 
chloroform extraction was Hi lead higher when compared 
with ammonium sulphate precipitation (data not shown). 
The chloroform extraction procedure saves time , and it is 
easy to perform. 1 his study allowed to underline tire presence 
of at least one plasniid, of 4.2 kb as reported for many strains 
ofS. thermophilus [21]. 



In conclusion, the study of autochthonous LAB will help 
to select the best candidates for improving the microbiologi - 
cal safety of traditional food products such as Raib and may 
increase their shelf life. Such a collection could be used for 
construction of specific starter cultures for fermented food 
products. 
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Twenty samples of traditional fermented milk "Raib" were collected in eastern Algeria from individual 
household. They were evaluated for the presence of autochthonous bacteriocin-producing lactic acid 
bacteria. From 13 of these samples 52 strains of lactic acid bacteria were isolated, and shown to exhibit 
inhibitory activity against the indicator strain Listeria monocytogenes. Five of these inhibitor-producing 
isolates were selected for further study on the basis of their relatively wide antimicrobial spectrum. The 
inhibitory spectra of activity of the selected strains were evaluated against a range of Gram-positive and 
Gram-negative test organisms. Listeria monocytogenes and Staphylococcus aureus were the most 
sensitive indicator tested. All the antimicrobial compounds produced by the selected lactic acid 
bacteria were fully or partially inactivated by some of the proteolytic enzymes, but were unaffected by 
catalase which indicates their proteinaceous nature. The compounds were heat stable up to 120°C for 
20 min, and were active from pH 3.0 to 10.0. Highest bacteriocin activity was recorded under acidic 
conditions and activity decreased with increasing alkalinity. 

Key words: Traditional fermented milk, Rafb, lactic acid bacteria, bacteriocin. 



INTRODUCTION 

Fermented milk is a dairy product obtained by the 
fermentation of milk, which may have been made from 
products obtained from milk with or without any modifi- 
cation of their composition, via the action of appropriate 
microorganisms and which result in a lowering of the pH 
with or without coagulation. Production of traditional 
cheeses (el-Klila, Jben) and other fermented milk pro- 
ducts such as raib (fermented milk), Iben (skimmed 
fermented milk), has a very long tradition in Algeria. Raib 
is made from the raw cow or goat milk. Milk fermentation, 
like many traditional fermenting processes, is sponta- 
neous and uncontrolled and could be a valuable source 
of autochthonous Lactic Acid Bacteria (LAB) (Hamama, 
1992; El Soda et al., 2003). The microbiological 
characteristics of several fermented milk have been 
studied in Indonesia (Hosono et al., 1989), South Africa 
(Beukes eta!., 2001) and Morocco (Hamama, 1992). 



"Corresponding author. E-mail: mechaLabdelbasset@yahoo.fr. 



Lactic acid bacteria play an important role in food 
fermentation processes. Raw foods such as milk, fruit, 
vegetables or meat are often preserved by lactic acid 
fermentation (Savadogo et al., 2006: Daeschel 1989). In 
such food products LAB have the capacity to perform 
fermentative activities, which may result in active 
inhibition of spoilage and pathogenic bacteria. The 
antimicrobial effect may be due to the production of a 
number of antimicrobial substances such as lactic acid, 
hydrogen peroxide, diacetyl and bacteriocins (Hoover, 
2000; Lindgren and Doborogosz, 1990). Bacteriocins are 
produced by some strains of LAB; they are antimicrobial 
peptides with activity against strains closely related to the 
producer micro-organism. Some bacteriocins are also 
active against Gram-positive food-borne pathogens such 
as Listeria monocytogenes, Staphylococcus aureus, 
Bacillus subtilis and spores of Clostridium perfringens. 
For this reason, they have received much attention for 
use as natural or so-called 'biopreservatives' in foods in 
recent years (Savadogo et al., 2006: Savadogo et al., 
2004). Bacteriocins of LAB have been classified into four 
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structural classes, namely I, II, III and IV (Nes et al., 
1996). Classes I and II are small, mainly hydrophobic and 
heat-stable peptides. Class I, the so-called lantibiotics, 
are post-translationally modified, while Class II, non- 
lantibiotic bacteriocins, are divided into three subcate- 
gories: Class I la are the pediocin-like bacteriocins with 
strong antilisterial effects; Class lib bacteriocins consist 
of two peptides, both required for full antimicrobial activity 
and Class lie bacteriocins are secreted by a sec- 
dependent mechanism. Class III are high molecular 
weight, heat-labile protein bacteriocins. Class IV are 
complex bacteriocins, composed of a protein moiety plus 
one or more non-proteinaceous additions, e.g. lipid or 
carbohydrate groups required for activity (Nes et al., 
1996). 

The purposes of this study were to isolate bacteriocin- 
producing lactic acid bacteria from traditional fermented 
milk 'Raib" samples and to determine their spectrum of 
activity against food-borne pathogens. The antimicrobial 
activity of previously identified bacteriocin-producing 
lactic acid bacteria against these pathogens was also 
determined. We report that several strains produce 
bacteriocins active against L. monocytogenes, S. aureus, 
and Escherichia coli. 



MATERIALS AND METHODS 
Bacterial strains and growth media 

All strains used in this study were maintained as frozen stocks in 
25% glycerol at -20 °C and were propagated twice in broth for 16 h 
before experimental use. LAB isolates were selected and cultivated 
on de Man Rogosa Sharpe Agar (MRSA, Oxoid) at 30 °C. Bacteria 
chosen as indicators were: Staphylococcus aureus ATCC 25293, 
Listeria monocytogenes ATCC 7644, Bacillus cereus ATCC 14578, 
Bacillus subtilis ATCC8, Enterococcus faecalis ATCC 19433, 
Escherichia coli ATCC 25422 and Pseudomonas aeruginosa 27853 
were propagated in Tryptic Soy Broth at 30 °C. 



Fermented milk sampling 

Twenty samples of traditional fermented milk (Raib) were 
collected from individual households of rural areas in eastern 
Algeria. Samples were collected in sterile small bottles and stored 
in laboratory under refrigeration at 5°C until they were used in 
experiments. 



Detection of antagonistic activity 

Isolated colonies of the assumed LAB isolates were screened for 
antimicrobial-producing activity essentially using the spot method 
as described by Spelhaug and Harlander (1989). An overnight 
culture of the test organism grown in MRS broth supplemented with 
2.5% yeast extract (MRSY) was diluted 10-fold in 10 mmol I" 1 Tris 
HCI (pH 7.0), and 2 ml aliquots were spotted onto MRS agar. Plates 
were incubated for approximately 24 h, until growth was evident, 
and then overlaid with 5 ml Trypticase soft agar (0.7% agar) seeded 
with 0.1 ml of an overnight culture of L. monocytogenes ATCC7644. 
Plates were incubated for an additional 18 h, and then checked for 
clear zones around spots of the putative producers. 



Presumptive identification of bacteriocin-producing strains 

Bacteriocin producing strains were Gram stained and examined 
microscopically for cellular morphology and Gram-stain phenotype. 
Catalase activity was tested by spotting colonies with 3% hydrogen 
peroxide. Growth was assayed in MRS broth at 10, 15, 37 and 
45°C. Salt tolerance was tested with 6.5, 7.0 and 10% (w/v) NaCI in 
MRS broth. Growth of the strains was also studied, at pH 4.4 ant 
9.6 in MRS broth (Schleifer and Kilpper-Balz, 1984). The 
configuration of lactic acid, hydrolysis of arginine and production of 
C0 2 from glucose were determined according to the methods 
described by Schillinger and Lucke (1987). Sugar fermentation 
reactions were performed using API 50CH test strips and 50CHL 
medium, according to the manufacturer's instructions (BioMe'rieux). 



Sensitivity to heat, pH, and hydrolytic enzymes 

Cell-free supernatants (CFS) from the lactic acid cultures were 
collected by centrlfugation (7500 g, 10 min, 4°C) of overnight MRS 
broth cultures. The supernatant fluids were adjusted to pH 6.5 and 
exposed to heat treatments of 65°C for 40 min, 95°C for 20 min, 
and 120°C for 20 min, and then were tested for remaining 
antimicrobial activity. In order to determine the effect of pH on 
Semi-purified preparations of the bacteriocin were adjusted to 
various pH values in the range of 3 to 10. The pH-adjusted 
bacteriocin samples were incubated at 37 "C for 20 min and then 
neutralized to pH 6 and tested for bacteriocin activity. 

The following enzymes were tested for their hydrolytic activity on 
the antimicrobial compounds contained in the supernatants: 
proteinase K (2.6 U mg 1 ), pronase E (22 U mg 1 ), pepsin (16U mg' 1 ), 
catalase (adjusted to a final activity of 2600 U mg" 1 ), lipase (50 U 
mg-1), and uc-amylase (15 U mg; 1 ). The assays were performed at a 
final concentration of 0.5 mg ml' 1 and at pH 6.5, except for pepsin 
(pH 3.0). Samples with and without enzymes were held at 35 °C for 
6 h and the remaining activity was determined by well-diffusion 
assay as described before using L. monocytogenes ATCC7644 as 
indicator strain. 



Selection procedure for LAB from fermented product 

10 ml of each sample were aseptically added into 90 ml of sterile 
0.9% NaCI solution and mixed thoroughly. Serial dilutions (10" 1 to 
10 s ) were performed and 1 ml aliquots of the appropriate dilutions 
were directly inoculated in triplicate on media for lactic acid bacte- 
ria, M17 (Terzaghi and Sandine, 1975) and MRS (de Man et al., 
1960) adjusted to pH 5.5. After incubation at 30°C for 24 h and 3 
days, representative strains of lactic acid bacteria were obtained 
from M17 and MRS plates of highest sample dilutions. Colonies 
were either randomly picked up or when the plate contained less 
than 10 colonies. 



Bacteriocin spectrum of inhibitory activity 

The spectrum of activity against different bacteria (Table 2) was 
determined by the well-diffusion assay (schillinger and Lucke, 1989) 
and disk diffusion assay (Tagg and McGiven, 1971). The well- 
diffusion was conducted in TSA agar media overlaid with 7 ml of 
soft agar media which contained 4% inoculum of an overnight 
culture of the indicator strain wells, 4 mm in diameter, were cut into 
these agar plates and 300 pi of the culture supernatant of the 
potential producer strain were placed into each well (Figure 1). The 
plates were incubated for 24 h at 37°C and subsequently examined 
for zones of inhibition (Barefoot and Klaenhammer, 1983). 
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Figure 1. Inhibition of Listeria monocytogenes ATCC 7644 by the 
cell-free supernatants of the five producing isolates using the agar 
well-diffusion assay: Lactobacillus plantarum LB44a (well a), Ln. 
mesenteroides subsp. mesenteroides LM25a (well b), Lactobacillus 
brevis LM93b (well c), Lactococcus lactis subsp. lactis MB31a (well 
d) and Lactobacillus asidophillus LM65c (well e). 



RESULTS 

Detection of antimicrobial producing LAB 

Putative antimicrobial-producing LAB isolated from 
fermented milk were detected using the spot method 
assay on the basis of their ability to inhibit growth of the 
indicator strain L. monocytogenese ATCC7644. Accord- 
ing to the results, of a total of 20 different traditional 
fermented milk samples analysed, 13 samples presented 
strains of lactic acid bacteria that were found to produce 
bacteriocin-like substances. From each of these samples, 
52 inhibitor-producing bacteria, which were presumed to 
be LAB, were isolated. 5 of these inhibitor-producing 
isolates were selected for further study on the basis of 
their relatively wide antimicrobial spectrum, and 
consistently released their activity into the CFS (Figure 
1)- 

The five presumptive bacteriocin producers were 
characterised and identified to species level utilising 
carbohydrate fermentation profiles, biochemical and 
physiological characteristics (Table 1) details, these 
bacteriocin-producing strains were Gram-positive, 
catalase-negative two cocci and three rod. All strains 
were capable of growing at 15°C but not at 45 °C, nor at 
pH 9-6 and nor in the presence of 10% NaCI (Table 1). 
Based on these characteristics, as well as on 
carbohydrate fermentation patterns (Table 1), the strains 
were presumptively identified as Lactobacillus plantarum 
(LB44a), Lb. acidophilus (LB65c), Lb. brevis (LB93b), 
Leuconostoc (LM25a) and Lc. Lactis (MB31a). 



Sensitivity to proteolytic and lipolytic enzymes 

The sensitivity of the antibacterial substances produced 
by lactic acid bacteria to cc-chymotrypsin, trypsin, pronase 
E, proteinase K, pepsin, catalase, and lipase was deter- 
mined in controlled and reproducible conditions shown in 
Table 3. All the compounds were fully or partially 
inactivated by some of the proteolytic enzymes, which 
indicate their proteinaceous nature. 

In general, the inhibitory compounds produced by 
these strains presented different patterns of sensitivity. 
All of them were completely inactivated by a-chymo- 
trypsin, pronase E, and pronase K. Only one was 
resistant to pepsin (strain LB44a), while the compounds 
produced by strains MB31a and LB93b, were partially 
inactivated after treatment with lipase, indicating that 
these inhibitory substances may have a lipid moiety in 
their chemical composition. 



Inhibitory spectrum 

The sensitivity of various Gram-positive and Gram 
negative bacteria to the CFS of the five producing isola- 
tes was determined using the well-diffusion assay (Table 
2). The inhibitory spectrum of the CFS obtained from the 
five isolated bacteriocin-producing LAB tested against 
these bacteria included most notably B. cereus and B. 
subtiiis, which were consistently inhibited by isolates 
LB44a and LB65c, although not to the same extent as 
some of the other bacteria tested. Whereas the CFS from 
the strain LB44a shown to inhibit Gram negative bacteria 
tested; Escherichia coli ATCC 25422 and Pseudomonas 
aeruginosa ATCC 27853. 

CFS from bacteriocin-producer LB65c and LB44a was 
shown to have the broadest inhibitory spectrum of the 
producer strains against these bacteria, while the CFS of 
producers, LM25a, LB93b and MB31a exhibited a 
narrower spectrum. 



Temperature and pH stability of bacteriocins 

The stability of the secreted inhibitory compounds was 
tested using different temperature treatments (Table 3). 
The inhibitory activity was shown to be completely 
unaffected following heat treatments at 65 and 95 °C. The 
inhibitory compounds produced by isolates LB65c and 
LB93b were seen to be the most stable to heat 
treatments up to and beyond 100°C. LB93b maintains its 
activity even after treatment at 120°C for 20 min, a pro- 
perty which is typical for bacteriocins. The observed 
protease sensitivity and stability at high temperatures 
therefore conclusively identifies these compounds as 
bacteriocins. 

The stability of the inhibitory activity was tested at 
different pH values (Table 3). The bacteriocins produced 
by isolates, L65c and LB44a showed greater pH tolerance 
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Table 1 . Phenotypic characteristics of the bacteriocin-producing strains isolated from traditional fermented milk. 





Strain designation 


Characteristic 


LB44a 


LM25a 


LB65c 


LB93b 


MB31a 


Gram stain 












Morphology 
Catalase test 


R 


C 


R 


R 


C 


Voges-Proskauer 












Formation of: H2S 












NH3 from arginine 








+ 




Growth at: 


10°C 


n 










15°C 






+ 






45 <C 












pH 4.4 






+ 






pH 9.6 
Growth in: 












6.5% NaCI 












7.0% NaCI 












10.0% NaCI 












Gas from glucose 












DL-Lactic acid 






D 


D 




Carbohydrates 


Arabinose 












Cellobiose 






+ 






Esculin 












Galactose 












Gluconate 












Glycerol 
Inulin 












Lactose 












Maltose 












Mannitol 












Melezitose 












Melibiose 












Raffinose 












Rhamnose 












Ribose 












Salicin 












Sorbitol 


+ 










Sucrose 












Trehalose 












Xylose 












Identified as 


Lactobacillus 
plantarum 


Ln. mesenteroides subsp. 
mesenteroides 




Lb. brevis 


Lc. lactis 



+ = Growth (+), - = no growth, +* = delayed fermentation. 
R, Rod; C, Cocci; n, not performed. 



and stability than those secreted by isolates (LM31a), 
(LB93b), and (LM25a). 

DISCUSSION 

Isolation and screening of microorganisms from naturally 



occurring processes have always been the most powerful 
means for obtaining useful cultures for scientific and 
commercial purposes. This is certainly true for lactic acid 
bacteria (LAB), which play an important role in a large 
number of various traditional food fermentations (El Soda 
et al., 2003; Vijai et al., 2004). Among these traditional 
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Table 2. Inhibitory spectrum of the pH neutralized cell-free supernatants of the LAB strains isolated from fermented 
milk, as determined with the well-diffusion assay. 





Inhibitory activity of producer strains 


Indicator strains 


LB44a 


LM25a 


LB65C 


LB93b 


MB31a 


Gram positive 


Bacillus .cereusATCC 14578 












Bacillus subtilis ATCC8 












Staphylococcus aureus ATCC 25293 












Listeria monocytogenes ATCC 7644 


+++ 


+++ 


+++ 


+++ 




Ent. faecalisATCC 19433 












Gram nigaitve 


Escherichia coli A TCC 25422 






++ 






Pseudomonas aeruginosa ATCC 27853 













- = no inhibition zone, + = inhibition zone up to 4 mm, ++ = inhibition zone up to 10 mm; +++ = inhibition zone over 10 mm. 



Table 3. Effect of heat treatment, pH and proteolytic enzymes on the antimicrobial compounds produced in 
the supernatant by selected lactic acid bacteria isolated from Algerian fermented milk ab . 





% Activity 11 


Treatment 


LB44a 


LM25a 


LB65C 


LB93b 


MB31a 


Heat Treatment 


65°C/40 min 


100 


100 


100 


100 


100 


95°C/20 min 


100 


100 


100 


100 


100 


100°C/20 min 


50 


50 


100 


100 


50 


120°C/20 min 


50 


50 


50 


100 


50 


PH 


3 


50 


50 


50 


00 


50 


4 


50 


50 


100 


50 


50 


5 


100 


50 


100 


50 


100 


6 


100 


100 


100 


100 


100 


7 


100 


100 


100 


100 


100 


8 


100 


50 


100 


00 


50 


9 


50 


50 


50 


00 


00 


10 


50 


00 


50 


00 


00 


Enzymes 


Pronase E 


0 


0 


0 


0 


0 


Proteinase K 


0 


0 


0 


0 


0 


a-Chymotrypsin 


0 


0 


0 


0 


0 


Pepsin 


100 


0 


0 


0 


0 


Lipase 


100 


100 


100 


50 


50 


Catalase 


100 


100 


100 


100 


100 



a AII assays were conducted with Listeria monocytogenes ATCC 7644 as indicator strain. 

b Producer strains are termed by the numbers of collection: Lactococcus lactis subsp lactis (MB31a), Ln. 
mesenteroides subsp mesenteroides (LM25a), Lactobacillus brevis (LM93b), Lactobacillus plantarum (LB44a) 
and Lactobacillus asidophillus (LM65c). 

"Antimicrobial activity was expressed as the % of residual activity. 



processes, fermented milk is known to be essentially 
fermented by LAB, although often a functional secondary 
flora develops. Some properties of LAB such as flavour 
and texture formation as well as inhibit pathogenic and 



spoilage microorganisms are especially important to the 
food and feed industries because of their applicability for 
a large variety of products. In addition, a large number of 
bacteriocins from lactic acid bacteria have been des- 
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cribed recently. While bacteriocin production has been 
reported from bacteria in milk products, fermented foods 
(Onda et al., 2003) and silage (Gollop et al., 2005) 

In the present study, 52 lactic acid bacteria isolated 
from traditional fermented milk and were screened for 
bacteriocin production, from which, five bacteriocinogenic 
strains were identified and selected for further study, 
representing three isolates of Lactobacillus brevis, 
Lactobacillus asidophillus, Lactobacillus plantarum one 
Leuconostoc and one L. lactis isolates. This would 
indicate that a wide variety of bacteriocin-producing LAB 
are present on fermented milk, which therefore represent 
an abundant resource of such potentially useful bacteria. 

The results of the Table 3 show that antibacterial 
compounds produced are inactive by all the proteolytic 
enzymes (pepsin, trypsin, a-chymotrypsin), indicating that 
the inhibitory compounds are proteinaceous nature, a 
general characteristic of bacteriocin. No zone of inhibition 
was discovered after stake in the presence of our 
extracts with these various enzymes. It has been repor- 
ted that other bacteriocins than nisine are generally 
inactivated by an array of proteolytic enzymes including 
those of pancreatic origin (trypsin and a-chymotrypsin) 
and sometimes of gastric origin (pepsin). This high 
sensitivity of lactic acid bacterial bacteriocins to metabolic 
proteolytic enzymes is very interesting with respect to 
food safety, since it means that the ingestion of 
bacteriocins will not alter digestive tract ecology and also 
will not cause risks related to the use of common 
antibiotics (Bromberg et al., 2004). 

It is interesting to note that the compound produced by 
the strains LB44a and MB31c, were partially inactivated 
after treatment with lipase, indicating that these inhibitory 
substances may have a lipid moiety in their chemical 
composition. Some bacteriocins produced by bacteria of 
the genus Lactobacillus are sensitive to non-proteolytic 
enzymes. Plantaricin B is inactivated by a lipase and by 
an oc-arnylase, and plantaricin S is inactivated by 
glycolytic, lipolytic and phospholipoiytic enzymes 
(Jeminez-Diaz et al., 1993). These observations indicate 
that the active part of bacteriocins of lactobacilli may be 
chemically heterogeneous, which could signify that the 
term bacteriocin covers a set of chemically varied 
substances. 

The inhibitory compounds produced by the five isolates 
demonstrated a high resilience to heat treatments 
ranging in temperature from 30 to 120°C (Table 2). In the 
other hand the bacteriocins were shown to be stable over 
a broad pH range with all peptides maintaining some 
antimicrobial activity within the pH range of pH 3 to 10. 
According to Tagg et al. (1976) bacteriocins differ greatly 
with respect to sensitivity to pH. Many of them are 
considerably more tolerant of acid than alkaline pH 
values. In the present study bacteriocin produced by the 
strain LB65c exhibited the same profile and was active at 
pH values between 4 - 9. Maximum inhibitory activity was 
demonstrated at pH 4 and 5. Similar properties have 



been reported for other bacteriocins including lactacin, 
lactacin 27, acidolin, pediocin A, and pediocin PA-1 
(Hastings et al., 1996). These bacteriocins were also 
stable over a wide range of pH. Piard and Desmazeaud 
(1992) also reported that temperature stability is very 
convenient if the bacteriocin is to be used in food pre- 
servative, because many processing procedures involve 
a heating step, and cold is one of the most popular 
preservation procedures. Furthermore, activity at neutral 
pH constitutes an advantage over other bacteriocins used 
as food preservatives and particularly over nisine, whose 
maximal solubility and stability are at pH 2, with these 
parameters decreasing significantly as the pH increases. 

Generally, the bacteriocins from LAB were shown to be 
ineffective against Gram negative bacteria. The partially 
purified bacteriocin preparations from the strain (LB44a) 
showed broad antimicrobial activity including against 
Gram-negative Pseudomonas and E. coli strains (Table 
2). Earlier, Sumar et al. (1998) also reported the inhibitory 
action of bacteriocin of L. plantarum against Gram- 
negative strains. Lactobacillus bacteriocins are found 
within each of the four major classes of antimicrobial 
proteins produced by LAB and the lactobacilli produce 
many different bacteriocins activity (Alpay Karaoglu et al., 
2003). Among the lactobacilli, there has been great 
interest in L. plantarum, due to the potential application of 
the microorganism as a starter bacterium for a variety of 
fermented foods (McKay and Baldwin, 1990). The 
bacteriocins produced from L. plantarum have been 
found to be inhibitory towards closely related LAB, 
particularly the mesophilic and thermophilic lactobacilli 
(Sumar et al., 1998) 

Of all the indicator strains tested, L. monocytogenes 
and S. aureus, were the most sensitive, being inhibited 
by all five strains. However the cultures that produced 
"high" inhibition zones against L. monocytogenes were: 
LB44a, LB65c and LB93b. Therefore, the high sensitivity 
of the Listeria strain to the bacteriocins produced by our 
isolates is not surprising, since Daeschel et al. (1989) 
screened many bacteriocin-producing lactic acid bacteria 
for inhibition of Listeria species and found that some of 
them were able to produce an antimicrobial substance 
that was active against Listeria monocytogenes. 



Conclusion 

The analysis of antimicrobial activity of LAB isolated from 
a collection of LAB was made by isolating them from 
traditional fermented milk that is manufactured according 
to the local tradition without using any known starter 
culture. Analysis of LAB from the collection of natural 
isolates revealed that they produce bacteriocins. 

The antimicrobial activity of the bacteriocins produced 
by the lactic acid bacteria isolated in this research could 
act as a barrier to inhibit food spoilage and/or growth of 
pathogenic microorganisms in foods. Considerable effort 
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has recently been focussed on the understanding of the 
structure, the genetic organization and the mode of action 
of several bacteriocins. There has been a concomitant 
development in the description of new bacteriocins, 
whose biochemical and genetic characterization should 
lead to the discovery of important elements for the 
elucidation of structure/function relationships in these 
substances. 
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Summary 

The antimicrobial activity of partially purified b, 
lactic acid fermentation of carrot, radish and cucumt 
Out of ten strains, the isolated strain CA 44 of Lactobac 
produced, bacteriocin with maximum antimicrobial acl 
lococcus aureus and Bacillus cereus, though it was more 
Bacteriocin was stable at up to 100 °C but its activity 



cteric 



produa 
ssessed r 



m the 



1 121 °C. ' 



haracterized. 
llus genus from carrot fermentation 
vity against Escherichia coli, Staphy- 
rffective against E. coli than others, 
leclined compared to that at 68 °C 
licrobial activity was retained with- 
the addition of papain. Bacteriocin 
aducts (pulp, juice and wine) indi- 
f.ruil products. 



eating its potential application as a biopreser 

Key zvords: antimicrobial, bacteriocin, lactic acid fermentation, Lactobacillus, Staphylococcus, 
Bacillus (tnu , h >!< pi" ' nn ' no - , i ! 1 1'mpi i i .i'i l 



1'r 



atio 



>y lactic acid fermenta- 
/ing lactic acid bacteria 
duce lactic acid besides 



(LAB), which predomin 
certain con i 1 u cin, which has anti- 

microbial activity against other groups of microorgan- 
isms. The antimicrobial activity of bacteriocins produced 
by LAI* has been delected in foods such a.- dairy prod- 
ucts, meats, barley, sourdough, red wine, fermented veg- 
etables, etc. (1-5). Therefore, the strains of lactic acid 
bacteria have also potential to act as a biopreservative or 
natural food preservative U- *'). I'he bacteriocins pro- 
duced inhibited food spoilage and pathogenic bacteria 
sin h ' i ' i ' ■ ' I ' ' .1 '/ a 

i ', 1 i i ' i i t 

s / s In I I 1 i I ' Mood it 

vation mctl od (9 e of bacteriocins oi the micro- 

organisms ilia! prisd'ace n ;s attractive to the food in- 



dustry in the face of increasing consumer demand for 
natural products and the growing concern about food- 
borne disea os. II 1 also nec la ted flu need to ex- 
ploit the biologically derived antimicrobial substances 
produced by LAB. It is not clear if any bacteriocin is 
produced in the vegetables fermented by LAB in natural 
or inoculated fermentation, the bacteriocin produced by 
in an 1 r r i 1 t ihl 

has neither been characterized nor checked for its ei'li- 
u i v a inn 'in d u<> 1 'J II' 1 i in \ i< a 

the above objectives the present investigations were car- 
i t and the result- o' it i i u i 



Materials and Methods 

Fermented vegetables 

a tab! s u ro i M i.i u i ti rocurcd 

from the markets iu' 1 i II 
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il * 1 trrot and radish t ennented with dry 
salt 2 % (by mass) at 27 °C. whereas sliced cucumbers 

I 1 1 I 1 1 i h 1 T 

C Predominant microflora were isolated from these 



Pathogenic bacterial cultures 

I nd i i 1 t i i l t s f ' (I 

I 1 I i I I ! 

from Central Research Institute (CRD, Kasauli, were used 
in bacteriocin en. t , • * ■ a 1 i fir ultjic , 
were maintained as par the recommended practices. 

Isolation and identification of bacteriocin 
producing bacteria 

The bacteriocin producers from naturally fermented 
carrot, radis! md ci.ii. nmbi i i ted by pi ur i| ti 

nethod t hiii , i li con t nail meth 1 (j 
using MRS agar. After incubation for 24-48 h at 32 °C 
typical colonics were isolated and purified, bbr isolates 

,ii diffei ' • nil 1 i o.l the i rt< tphological, 
cultural and physiological characteristics such as oxidase 
test, utilization of citrate as a sole carbon source and ca- 
talase test (10,11), and accordingly were tentatively iden- 
tified up to the genus level (12). 



Screening of isolates for antimicrobial activity 

Xuhnu i ■-<> 7 hi 'hi < i \ It 1 1 I 

all the pathogenic mi , 1 a isrns was determined by 
well diffusion method (13-16) under aerobic conditions. 
Agar plates were inoculated with 100 uL of each target 
microorganism after grow ing them in a broth and dilut- 
ing appropriately. Wells (3 mm) were cut into the plates 
and 100 jib of cell-free culture supernatant fluid of the 
isolated strain was placed into each well. The inhibitory 
activity against c. cull was tested on F.MB agar whereas 
Staphylococcus aureus and Bacillus cereus were tested on 
null Hut r i 1 1 i iu 2 h 

and then incubated at 37 °C for 24 h. The antimicrobial 
activity was determined by measuring the diameter of 
the inhibition zone around the weiis. The bacteria! isolate 
sbowiti th idt ' st h ( t 

microorganism wa i ed f< urtl er studies. 



l\ul, il malt, ,;he ' vac r , 

Isolated strain having maximum antimicrobial "one 
was grown in M RS broth at 37 C C for 24 h. After incuba- 
tion, the brotl w cent d at 7000 x g for 10 min 
and the cells wen 31 1 ited mt Supernatant was used 
as a crude bacteriocin. Different concentrations of am- 
monium sulphate were added to the supernatant. After 
stirring on a magnetic stirrer, it was kept undisturbed at 
4 °C o\i mi Ik i } ' rormed were collected by cen- 
li h, i 1 11 s 1 >i h 1 1111 and 1 ui d 1 in 2 

mruol sodium phosphate buffer with pH=6.0. Inhibition 
zone of different fractions was recorded in comparison 
with the crude bacteriocin. 



Characterization of bacteriocin 
Heat stability 

A volume of 5 ml of bacteriocin in different test 
tubes was overlaid with paraffin oil tr t 1 

tion and then heated at 68 and 100 X •r !( nd 20 nun, 
respectively, and at 121 °C for 15 nun under pressure. 

1 It t lii s f s then assayed 

for antimicrobial activity as described earlier. 

Effect of pH 

\ 5-rnl aliquot of partially purified bacteriocin was 
taken in test tubes and the pH values of the contents 
a re adjusted to 2 9 individual snip either diluted 
NaOH or HCI (1 M NaOH or 1 M HQ solution). After 
ill 1 11 1 n ' 111 1 fii I'm 1 h 

1 he activity was assayed as described earlier. 

Effect of proteolytic enzyme (papain) 

A 5-mL aliquot of bacterioc in preparation was taken, 
in test tubes and treated with papain (100 JD) 1 mg/mL 
at pH=7. The test tubes with and without the enzyme 
(control) were incubated for 2 h at 37 °C and heated for 
3 min at 100 °C to denature the enzyme. Both the con- 
trol and the samples wen:: assay ed foi antimicrobial ac- 
tivity by using well diffusion method. 

Determination of preservative effect of bacteriocin 

The food products, 012. juice (apple), pulp (apricot) 
and prepash tin/t d v. me ualum) w.ae <u uli ed and ino- 
culated with Bacillus cereus at 10 8 CFU/mL. Initial count of 
1 I ' s 1 1 i l| in super- 

natant at a concentration of 0.05 to 0.5 % was added. Af- 
ter 24 and 72 h, the plate count was recorded and com- 
pared with the control (without bacteriocin). 

Results and Discussion 

Based on morphological and biochemical tests, all the 
1 1 I 1 1 1 1 d 1 1 1 ic id bacte- 

ria (LAB) group except RA33, which was identified as 
yeast. The isolate CA44 (giving maximum antimicrobial 
activity) was Cram-positive, rod shaped, negative for 
cataiase and peroxidase test, having circular and white 
colonies on the MRS media. I he strain was also positive 
■or galactose, arabinose, mamiiio;, sorbitol, no, glu- 
' lIw' n- y\ . 1 - t '.. | or m ,lt- 
ose, citrate and arglniue test, isolate CA44 from carrot 
produced the maximum inhibition /use against all the 
li ;ted a 1 rootganisms and \ as m, m against I cult. 

11 1 ,t i hi 1 . 1- n '1 1 I 1 t Luc 
ill ' i nil 11 ti it lit 

O'ucen! ration ranging from 2.3 to 2.5 % and temperature 
iii tu n 1 1 1 / 1 1 1 n It in 

1 I Inn 1 fermented carrots which produced bacfe- 
ti n 1M1 1 itn tn I 1 1 1 1 

1 nl 1 1 p t it ' 1 t 1 1 1 i ' ) 

and Lactococcus la ti 1 I I a ted from 

radish fermentation (1). 

An increase in antimicrobial activity after partial pu- 
rification of crude bacteriocin by ammonium sulphate pre- 
cipitation took place (Fig I, [he fraction with tin high 
est bacteriocin activity was precipitated with 20-30 % 



i t SH f al Bach fit cm I c m Lactic Acid Fermented Vegetables, Food Technol. Biotechnol. 44 (3) 435-439 (2006) 



437 




The partially purified b 



Crude 0-20 20-30 30-40 40-50 50-60 60-70 70-80 
bacteriocin 

m/V(ammonium sulphate)/% 
Fig. 1. Increase in antimicrobial activity of bacteriocin from 

/ I I sp NMB 4 1 1 s 1 1 Hill 1 LI I - 



(by mass per volume) ammonium sulphate. The antimi- 
crobial actniu I Uiii HI ! hi i I 1 1 t i 
creased from 12 to 23 mm. There was 1.91-fold increase 
in the partially purified bacteriocin activity than that of 
crude bacteriocin. Earlier, the inhibitory activity of bac- 
teriocin isolated from malted barley was precipitated from 
cell free supernatant using 41) % ammonium sulphate sa- 
turation, and resuspended in 2 mmol sodium phosphate 
buffer, pH=6.0 and purified using chromatography (29). 

Partially purified bacteriocin was found to be stable 
at 68 °C for up to 20 min. At 100 °C for 10 min it could 
retain 55 % of antimicrobial activity, while at the same 
temperature for 20 min, only 28 % of activity could be 
retained (Table 1). However, after incubation for 15 min 
at 121 °C, the complete loss of activity took place. Com- 
pared (o the earlier reports on bacteriocin, residual ac- 
tivity was lower in our study than reported earlier (20). 
Furthermore, since tolerance of bacteriocin to heat is 
known to depend on the stage of purification, pH, pres- 
ence of culture medium, other protective components, 
etc. that might have influenced the antimicrobial activity 
in our findings too. The heat stability of bacteriocin dis 
cussed here indicates tint it could be used as biopre- 
servative in combination with thermal processing to pre- 
sets i i f ! products, burlhemioi w hen coi lp a I , 
low temperature is employed for processing compared 
to high temperature being used at present, the retention 
of nutrients would be higher. However, more studies on 
these aspects ere needed. 



(Fig. 2), but after pH=5.0 the activity of the bacteriocin 
gradually but continuously decreased. At pH=9.0, the 
anlimit" robia] activity was drashcalk reduced to more 
than 2.5 times that of the control Thus, the bacteriocin 
was found active over a wide pi I range v\ tt.h the highest 
activ ity at low pH range of 4-5. Earlier, the bacteriocin 
produced by a newly isolated tincilhi* species strain HA 
v, as found active over a pi 1 range of 5-8 but was inacti- 
vated when incubated outside these limits (9). Another 

1 [ I lui 'i' 1 n 1 11 is 

active over a wide pit range with the highest activity 
shown at low pH range of 3-5 (73), as was the case with 

icferiocin from \ teriocin ac 

tivity was completely lost when treated with proteolytic, 
enzyme (papain), which is in agreement with the earlier 
report (22). The bacteriocin pecilocin AO F from Pedicoc- 
\ si n l Mini 

1 inactivated evoi pi lytic enzymes 

(22,23). The stability of bacteriocin to different condi- 
tions reflects that stich compounds can withstand the 
conditions normally encountered in food processing, so 
would remain effective during processing. 




Fig. 2. Effc\ t till 1 ii " ' ■ >' . I i i ' " . u , 1 ! a - 
ii ii i ' ' • i 1 a it \ I n 



The partially purified bacteriocin from isolate CA44 
was also tested t t , n t t nn I B. nit us 

i 1 b) g | id 1 i in, p i i ii i 1 1 ' c 1 i 1 juii e, nine 
and pulp increased with the increase in the concentra- 
tion of bacteriocin. Maximum reduction of Bacillus cereus 
population of 92 % was observed in wine followed, by 
[u I Lion ol (I i 



Values in parentheses represent n 



a of itnnicrot I a t t i i 



'table i. Kfl'.vi ol temperature on 


anlimivrobi.il activity of partia 


ii 1 i r t. . ' » 


sp. (CA44) 


Tempera tun; A C 


t/min 




In In! t ^ i 1 i 






B. emus 




68 


10 


2.3 (100) 


19 (100) 


20 (95) 




20 


22 (95) 




20 (95) 




10 


15 (65.21) 


13 (68.42) 


11 (55) 




20 


10(43.47) 


9 (47.36) 


6 (28.57) 




15 
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I ' ' _ i ' I tenocin from 

i h s l I ulp against 

Bacillus cereus 



, i t , i 'i i 1 i t 

i producer i t i lactis sudsd. cre- 

i I tip) 



♦Reduction of population/% : 



Reduction in microbial cc 



I lowc-ver, in control (without bacteriocin), no reduction 
was observed in the count of B. cereus. The results (Fig. 
3) further revealed that microbial count drastically de- 
creased in wine and Hie miw pattern was followed in 
juice too. hi pulp, only a concentration of bacteriocin 
above 0.2 % drastically decreased the microbial count. 
1 lighesf antimicrobial activity of bacteriocin against the 
target microorganism in wine could partly be attributed 
to inhibitory effect of ethanol. Briefly, the results indicate 
that bacteriocin > ssessed seu al iesirahlo haracteris- 
tics of a biopreservative. 




Control 0.05 



Conclusion 



The &tud\ revealed tlv.t bacteriocin from Ij/ctobudl- 
lw> p i 1 natuial lai tit id fernac Hon. o 

vegetables possesses a wide spectrum of inhibitory ac- 
1 \ t n i ii ' ml 

Bnaiine cere:/... Therefore, it has a potential for applica- 
tion preset' 1 five in different ood prociu to s 
such or in combination with other preservation meth- 
ods. Since 'actio acid fermentation is employed mostly 
for development of products, especially for flavour and 

it it 1 1 t- me production of bac- 

teriocin in such products assumes more significance as 

< itive apart from imp ' 1 _ , i radic effect to 
the product. 
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